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Abstract. Nested quadrats were used to determine natural clump sizes for three under-
story species in a mature, wet, tropical forest in Costa Rica. Under a closed canopy, individuals 
> ~0 em tall of the understory palm Cryosophila guagara are shown to clump maximally at 
a s1ze wh~ch . cor~esponds to the ~ize of lightgaps created by fallen canopy trees, suggesting 
that the d1stnbutwn pattern of th1s palm is related to the pattern of fallen trees. Two other 
u_ndersto!y species, Neonicholsonia watsonii and Carludovica palmata, clump maximally at 
s1zes wh1ch do not correspond to the sizes of average canopy gaps. 
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INTRODUCTION 
Numerous studies in recent years have demon-
strated that most plant species are not randomly 
distributed. In an extensive review of the subject, 
Kershaw ( 1963) emphasizes the need to determine 
the scale of clumping as a first step in the elucida-
tion of the causal factors involved. He cites ex-
amples of clumping produced by species morphology, 
environmental discontinuities and inter- and intra-
specific interactions. Schulz (1960) stresses the 
importance of lightgaps of different sizes in main-
taining light-requiring secondary forest species (the 
"nomads" of van Steenis 1956), and Jones (1945) 
suggests that mature forests may be mosaics of 
patches of even-aged groups, noting that lightgaps 
large enough to allow regeneration could serve to 
maintain such a pattern. Similar suggestions have 
been made by Aubreville (193 8) and Richards 
( 1964), although these authors were unable to pre-
sent conclusive evidence to support this hypothesis. 
The size of lightgaps caused by fallen canopy trees 
has recently been shown to determine the distribution 
pattern of adults of early seral stages within a 
temperate beech-maple forest (Williamson 197 5). 
This paper presents the results of a study designed 
to determine the possible effects of treefalls in a 
mature, wet lowland tropical forest on the distribu-
tion pattern of various size classes of two small 
palms ( Cryosophila guagara and N eonicholsonia 
watsonii) and one member of the Cyclanthaceae 
( Carludovica pal mat a). Taxonomic descriptions of 
1 Manuscript received 13 March 1974; accepted 1 
April 1975. 
2 Present address: Department of Biology, University 
of South Florida, Tampa, Florida 33620 USA. 
these species can be found in Allen (1956) for the 
two palms, and in Harling (1954) for Carludovica 
palmata. 
METHODS 
Five lightgaps caused by treefalls were selected 
for study in an Osa Terminalia forest (Holdridge 
1971) on the Peninsula de Osa, Costa Rica. The 
treefalls varied in size and in the orientation of the 
fallen trunk, and all the gaps were caused by the 
fall of entire trees. In order to determine the rela-
tive densities of species at different points along 
the length of the fallen tree, a longitudinal axis 
was drawn parallel to the trunk and five 2-m wide 
transects were set out at regular intervals perpen-
dicular to this axis and extending to the edge of the 
clearing. Transects were numbered consecutively 
from 1 to 5, from the root end to the crown end 
of the fallen tree. All individuals > 60 em in height 
were recorded, and density was calculated for each 
transect. Single stems were counted in the case of 
the two palms, single petioles in the case of C. 
palmata. This method is appropriate for recording 
the single-stemmed individuals of the two palms, 
but is somewhat arbitrary for the acaulescent C. 
palmata. 
Each gap was mapped and measured. The point 
of first branching of the fallen tree was recorded 
and served to define the boundary between the trunk 
and crown portions of the gap. 
In order to determine scales of clumping in an 
area with a closed canopy, a 51 X 51-m plot was 
selected in an adjacent part of the forest. The plot 
was chosen because it contained no large canopy 
gaps. All individuals of Cryosophila guagara, N. 
watsonii, and Carludovica palmata > 60 em in height 
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TABLE 1. Densities (individuals/m") in 5 transects perpendicular to the lognitudinal axis of the fallen trunk for 
5 treefalls. Transects grade from the roots (transect no. 1 ) to the crown (transect no. 5) of the fallen trees 
Cryosophila guagara N eonicholsonia watsonii Carludovica palmata 
Tree fall Transect no. 
no. 2 3 4 5 
1 O.Q7 0.30 0.02 O.Q7 0.00 0.10 
2 0.28 0.15 0.15 0.00 0.00 O.Q3 
3 0.17 0.10 0.08 0.05 0.03 0.37 
4 0.18 0.16 0.14 0.11 0.00 0.03 
5 0.21 0.23 0.06 0.04 0.04 0.13 
Mean density 0.18 0.19 O.Q9 0.05 0.01 0.13 
were recorded for 289 contiguous quadrats within 
this plot, each quadrat being 3 X 3 m. The purpose 
of this mapping procedure was to permit a nested 
quadrat analysis for estimating the scale of clumping 
for the three species. The quadrat units were com-
bined into successively larger blocks and a clumping 
measure was computed for each block size. 
The scale of clumping was estimated using Mori-
sita's (1959) index. This method is a significant 
improvement on the contiguous quadrat analysis 
proposed by Grieg-Smith (1952) because the index 
is independent of the number of individuals when 
the pattern is random or clumped (Pielou 1969). 
Morisita's index (/a) is given by 
16 = q ~f=l ni(ni -1)/N(N -1) 
where q is the number of quadrats, ni is the number 
of individuals of the species in the ith quadrat, and 
N is the total number of individuals in all quadrats. 
The index was computed for the three species for 
quadrats of increasing size, from 1 unit by 1 unit 
(units are 3 m) to 17 units by 17 units, with quad-
rat size increments of 1 unit. The value of Ia equals 
1.0 when the species is randomly distributed, where 
random implies the independent assortment of in-
dividuals into quadrats with an equiprobability of 
each individual entering any quadrat. If the individ-
uals are clumped, 15 is > 1.0; if the individuals are 
evenly distributed, Ia is < 1.0. The measure increases 
Transect no. Transect no. 
2 3 4 5 2 3 4 5 
0.13 0.08 0.12 0.00 0.00 0.00 0.00 0.00 0.00 
0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.17 0.10 0.03 0.03 0.00 0.00 0.00 0.00 0.00 
0.18 0.19 0.17 0.04 0.87 0.00 0.00 0.08 0.27 
0.04 0.00 0.04 0.05 0.08 0.00 0.03 0.00 0.39 
0.11 0.07 0.07 0.02 0.19 0.00 O.Ql 0.01 0.13 
monotonically with increases in clumping. For a 
species in a given area, the values of Ia calculated 
for various quadrat sizes permit the identification 
of the sizes at which clumping is maximal, and 
thereby suggest the sizes of the natural patches for 
a given species (Morisita 1959). 
RESULTS AND DISCUSSION 
The density values of the three species in each of 
the five transects of the five treefalls are reported 
in Table 1. Table 2 contains the results of a Student's 
t-analysis applied to the density data in order to 
test for inequality of means between transects. The 
t value was corrected for cases of unequal variances 
by adjusting the degrees of freedom ( Sokal and 
Rohlf 1969:220). The results clearly show evidence 
of stratification along the length of treefalls for 
Cryosophila guagara. Individuals of this species 
> 60 em tall occur most frequently in the first two 
transects at the root end of the treefall, least fre-
quently in the fourth and fifth transects at the crown 
end, and at intermediate density in the third tran-
sect. Branching first occurs at or very near the third 
transect line in all five treefalls. The absence of 
C. guagara from the crown end of treefall clearings 
may be a result of mechanical damage to understory 
vegetation at the time of the treefall. The fallen 
canopy may also support an extensive cover of 
vines which block light penetration to ground level. 
TABLE 2. Results of Student's t-tests for inequality of density means between transects. The * indicates cases of 
unequal variances where the comparisons were corrected by adjusting the degrees of freedom (Sokal and Rohlf 
1969:220). NS indicates that the density means are not significantly different, i.e., that p > 0.05. The numbers 
in the table are the one-tailed probabilities of observing a deviation as large or larger than the calculated t value 
by chance 
Cryosophila guagara Neonicholsonia watsonii Carludovica palmata 
Transect 
Transect no. Transect no. Transect no. 
no. 2 3 4 5 2 3 4 5 2 3 4 5 
1 NS 0.05 0.008 0.001 NS NS NS NS* NS NS* NS NS 
2 0.05 0.009 0.001 NS NS NS* NS NS NS 
3 NS 0.02 NS NS* NS* NS* 
4 NS NS* NS* 
5 
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TABLE 3. Areas (m2 ) of the lightgaps from 5 treefalls. 
Treefalls 1, 4, and 5 resulted from the fall of single 
trees. Treefalls 2 and 3 each resulted from the fall 
of two adjacent trees 
Treefall 
no. Trunk Crown Total 
1 630 350 980 
2 180 130 310 
3 490 460 950 
4 480 440 920 
5 460 430 890 
Mean area 448 362 810 
Median area 480 430 920 
The data reported for Neonicholsonia watsonii 
and Carludovica palmata show no significant differ-
ence in the density of species between transects. 
The relatively high densities of Carludovica palmata 
in the first and fifth transects of the fourth and fifth 
treefalls suggest that this species may be restricted 
to the edge of clearings. 
The areas of the treefall lightgaps are reported in 
Table 3. The values of Morisita's index for the 
adjacent forest are shown in Fig. 1. Cryosophila 
guagara individuals smaller than 2 m in height show 
evidence of maximal clumping at the quadrat size 
which is 2 units by 1 unit, or the equivalent of an 
area 18 m2. Neonicholsonia watsonii and Carlu-
dovica palmata also clump maximally at small quad-
rat sizes (:::;;; 9 m2). Factors determining these pat-
terns remain unknown but may be related to the 
dispersal modes of these species. Cryosophila gua-
gara individuals equal to or greater than 2 m in 
height clump maximally at the quadrat size which 
is 8 by 7 units, or 504 m2• This size corresponds 
closely to the mean size of the trunk portion of the 
light gaps measured ( 448 m2). A standard t-test 
for comparing a single value to a sample mean 
( Sokal and Rohlf 1969) showed that the two values 
were not significantly different ( 0.5 < p < 0.9). On 
the other hand, the areas at which maximal clump-
ing occurs for Neonicholsonia watsonii (:::;;; 9 m2), 
Carludovica palmata (:::;;; 9 m2) and Cryosophila 
guagara 2 m (18 m2) are significantly different 
from the mean area of the trunk end of treefalls 
(p = 0.05). The results suggest that the growth of 
the understory palm Cryosophila guagara is closely 
linked to the pattern of treefalls occurring in the 
forest. 
Seedlings of Cryosophila guagara < 60 em in 
height are present in great numbers on the floor 
of the closed canopy forest but seem to require 
the occurrence of a large canopy break to produce 
a woody trunk and preseumably to reproduce. Fully 
grown individuals can apparently maintain them-
selves for some unknown period of time after the 
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FIG. 1. Values of Morisita's index, h, at different 
quadrat sizes, for Neonicholsonia watsonii, Carludovica 
palmata, Cryosophila guagara < 2 m, and Cryosophila 
guagara ;;::: 2 m. Quadrat units are given as the length 
of the side of a square quadrat in 3 m units. 
canopy closes over. The size distributions of Cryoso-
phila guagara in treefall clearings and in the closed 
canopy plot support this hypothesis; Table 4 shows 
that the closed canopy plot contains numerous young 
trunkless individuals and a number of individuals 
greater than 8 m in height, while the treefall clear-
ings contain a greater number of intermediate sizes. 
The results of this study suggest that the pattern 
of fallen canopy trees and the growth requirements 
of a species of palm combine in a close-knit inter-
action which contributes to the mosaic pattern of 
the understory of a mature tropical forest. However, 
this mosaic pattern does not necessarily extend to 
the top canopy layers as in mature temperate forests 
(Williamson 1974). The pattern of individuals of 
any given species will depend on the number of 
adults which can occupy an average lightgap, or 
that part of a lightgap which is open to colonization 
by that species. The differentiation between the 
trunk and . crown portions of treefalls suggests that 
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TABLE 4. Height (m) distributions of Cryosophila 
guagara individuals in the treefall area and in the 
closed canopy area. Actual numbers of individuals 
are shown in parentheses. The treefall and closed-
canopy distributions are significantly different with 
X2 = 16.5 and 6 df (0.01 < P < 0.02) 
Difference 
Area (% treefall 
minus% 
Height % %closed closed 
class treefall canopy canopy) 
<2 40.6 (43) 54.5 (90) -13.9 
2 17.0 (18) 12.7 (21) + 4.3 
3 11.3 (12) 9.7 (16) + 1.6 
4-5 9.4 (10) 4.8 (8) +4.6 
6-7 10.4 (11) 2.4 (4) + 8.0 
8-9 3.8 ( 4) 9.7 (16) - 5.9 
10-14 7.5 (8) 6.1 (9) + 1.4 
Total 100.0 99.9 + 0.1 
succession processes in the two areas may be out 
of phase. Thus for any given species, the colonizable 
area of the gap may consist of the total gap or only 
some portion thereof. In species which have narrow 
crowns, several adult individuals may be able to 
occupy the colonizable area of a gap. In such cases 
a mosaic pattern of even-aged individuals of the 
species is likely to be observed. For example, Allen 
( 1956) points out that species of Schizolobium and 
V ochysia, which are known to invade artificial 
clearings, sometimes form pure stands in lower 
montane rain forests. He postulates that these spe-
cies occupy old clearings created by the fall of big 
canopy trees. In species which have wide crowns, 
only one adult may be able to colonize the average 
colonizable portion of a gap. As a result, these 
species would not exhibit a mosaic pattern of even-
aged groups as there would be maximally one adult 
per colonizable lightgap area. 
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